We examined whether self-reported employee health status data can improve the performance of administrative data-based models for predicting future high health costs, and develop a predictive model for predicting new high cost individuals. Methods: This retrospective cohort study used data from 8,917 Safeway employees self-insured by Safeway during 2008 and 2009. We created models using step-wise multivariable logistic regression starting with health services use data, then socio-demographic data, and finally adding the self-reported health status data to the model. Results: Adding self-reported health data to the baseline model that included only administrative data (health services use and demographic variables; c-statistic = 0.63) increased the model" predictive power (c-statistic = 0.70). Risk factors associated with being a new high cost individual in 2009 were: 1) had one or more ED visits in 2008 (adjusted OR: 1.87, 95 % CI: 1.52, 2.30), 2) had one or more hospitalizations in 2008 (adjusted OR: 1.95, 95 % CI: 1.38, 2.77), 3) being female (adjusted OR: 1.34, 95 % CI: 1.16, 1.55), 4) increasing age (compared with age 18-35, adjusted OR for 36-49 years: 1.28; 95 % CI: 1.03, 1.60; adjusted OR for 50-64 years: 1.92, 95 % CI: 1.55, 2.39; adjusted OR for 65+ years: 3.75, 95 % CI: 2.67, 2.23), 5) the presence of self-reported depression (adjusted OR: 1.53, 95 % CI: 1.29, 1.81), 6) chronic pain (adjusted OR: 2.22, 95 % CI: 1.81, 2.72), 7) diabetes (adjusted OR: 1.73, 95 % CI: 1.35, 2.23), 8) high blood pressure (adjusted OR: 1.42, 95 % CI: 1.21, 1.67), and 9) above average BMI (adjusted OR: 1.20, 95 % CI: 1.04, 1.38).
Background
Health care accounts for an increasing percentage of the United States gross domestic product [1] . Researchers and policy makers have attempted to identify predictors of future high costs in order to develop and implement targeted interventions to reduce costs, and improve patient care. With few exceptions, risk models developed to predict future high costs have focused on Medicare, Medicaid, and VA populations [2] [3] [4] [5] [6] [7] . Most studies are based on administrative data alone, while others have examined the additive value of selfreported health information [8, 9] . Previous studies have suggested that patient-reported outcomes have shown strong predictive value when predicting health care utilization and outcomes [10, 11] . However, generalization from these studies are limited by their use of nonrepresentative sample such as VA and Medicare patients. While the ability to predict future high costs is of significant importance to local, state, and federal governments, it is also vital for large employers who selfinsure and elect to provide comprehensive coverage for millions of workers.
In 2008, 89 % of workers in firms with over 5000 employees were in self-insured plans [12] and accounted for approximately 21 million workers and their dependents [13] . Many commercial insurers have expanded enrollment via participation in Health Insurance Exchanges in 2014, and will be held increasingly accountable for how health care dollars are spent [14] , making cost containment and delivery of quality care of critical importance. However, the current focus on the literature on risk prediction has been on public insurance programs and thus has limited the ability of policy makers and commercial insurers to extrapolate results to privately insured patient populations that could be targeted for intervention. For example, it is suggested that factors that influence health care utilization and costs, such as poverty and social support structures, vary significantly between populations with public and private insurance. Previous studies have suggested that differences in self-reported health status between private and public insured population exhibit different expenditure patterns and health outcomes [15, 16] . To address this gap, we sought to identify predictors of future high costs within a large national commercially insured population using both more traditional administrative claims data as well as self-reported health data.
Safeway Health is Safeway's health insurance program for non-union employees and their dependents. It is unique in its collection of self-reported health status data that provide person-level data on factors that are not normally available in administrative datasets, but may impact care-seeking behaviors. Claim-based predictive models are the most common models reported for commercially insured patients [8, 17] . Except for one recent study by Perrin et al. which focused primarily on the Medicare population which significantly limits the generalizability of the findings, the utility of selfreported data for predicting cost using commercially insured patients is unknown.
We undertook an analysis to determine predictors of future high health care expenditures for Safeway's health plan members that included self-reported health data which included socio-demographic data such as occupation type and job satisfaction which are not typically included in the administrative data. We analyzed administrative billing data as well as biometric (e.g. BMI) and self-reported health status data from 2008 to determine the predictors of high cost in 2009. We defined high cost as being within the most costly 10 % of Safeway's health plan members enrolled in their Choice Fund 1 and 2 plan for a given year. Our study had two aims: 1) to examine the added value of self-reported health status data in an administrative data-based model designed to identify individuals at risk for having high future health care costs and 2) to develop models that could predict which groups of individuals are at risk for being high cost in the future. In practice, high health services utilization and costs in the previous year is a very strong predictor of future high health care costs, and is information that is readily available. Therefore, we examined two types of models: one that included previously high cost members (thus identifying primarily individuals at risk of future high costs who had also been high cost in the past) and another sample that excluded members who were previously high cost, allowing us to identify predictors for being newly high cost. We hypothesized that variables present in the self-reported health status and biometric data would help to predict future expenditures in both samples.
Methods
This was a retrospective cohort study design using insurance enrollment data from 2008 to identify patient-level factors that are associated with future high insurance costs in 2009. We used a de-identified dataset provided by Safeway. This research met criteria for exemption and approved by by the UCSF Institutional Review Board.
Sample
The total number of employees enrolled in the Safeway health insurance program in 2009 was 18,167. Of these members, we limited our study to employees with biometric and self-reported health status data (HRQ) in 2008 since these were the key predictor variables used in our analyses. We also excluded dependents that were covered by the Safeway health insurance program through a family member (36 % of all members) since they did not complete self-reported health status data. A total of 8,917 insured employees (49 % of total number of employees) comprised our study population and were included in the analysis. The majority of the study population (78 %) resided in one of five states including: California, Oregon, Washington, Arizona and Texas. To check for possible sampling bias, we compared our study population to the population that was excluded from our analysis due to a lack of HRQ data, and examined potential differences in key demographic variables including age, gender, and occupational category (e.g. office vs. retail).
Outcome variable
Our primary outcome was being a high utilizer of health services in 2009, defined as having total annual 2009 costs (total claims paid by Safeway's health plan for all covered services) within the top 10 % of the study population. Individuals who are in the top 10 % of the subsequent year's expenditure distribution have been defined as "high cost" in previous studies [18] . Sensitivity analyses from previous studies has shown that relative model performance using top 10 % as threshold seems to be consistent with the model using the top 5 % threshold [19] . We used de-identified administrative billing data from Safeway's health plan covering the period January 1 st through December 31 st 2009 to identify the high-utilizers within the study population.
Predictor variables
We established, a priori, three categories of predictor variables in the study based on the available data: 1) health services use and administrative data including number of visits to emergency department (ED) and hospitalization in 2008, and one biometric data/marker (BMI), 2) socio-demographic factors including age, sex, and the type of occupational category (facility) such as office or retail, and 3) self-reported health status from 2008 that included current and past conditions related to: back pain, chronic pain, depression, diabetes, heart problems, high blood pressure, high cholesterol and current level of job satisfaction, and fiber intake. For the self-reported health status data, responses for the condition were reported as a) never, b) previously, or c) currently. For the purposes of the analysis, we collapsed the categories previously and currently into one. The item on job satisfaction asked whether the respondent agreed or disagreed with the statement that they were satisfied with their job. For the item on fiber intake, the response options were: 1) 1-2 servings, 2) 3-4 servings, or 3) 5-6 servings.
Analysis
To address study aim 1, which set out to examine the added value of self-reported health status data, we sequentially fitted three separate multivariable logistic regression models. We started with health services use data, then added socio-demographic data, and finally included self-reported health status data. Due to our large sample size, we used p <0.05 as the cutoff for assessing significance for each of the separate multivariable regression models. Only the statistically significant predictors from each of the three baseline models were included in the final multivariable logistic regression model. The following variables were thus excluded from the final model due to either multicollinearity or statistical insignificance: 1) among socio-demographic variables, the type of occupational category and 2) among selfreported health status variables, conditions related to: a) back pain, b) high cholesterol and c) current level of job satisfaction, and d) fiber intake.
Study aim 2 was focused on predicting which groups of individuals are at risk for being high cost in the future. To carry out this aim, we compared the final model, which included the full study sample, to a narrower sample that excluded individuals who were high cost in the previous year (top 10 % of 2008 expenditures). By excluding those who had been high cost in the past, we aimed to determine if we could isolate variables that helped predict members who would be newly high cost in 2009. First, to verify our assumptions about the necessity for subgroup analysis, we examined the strength of the interaction of each of the terms in our final model using the previous high cost status. We then developed a predictive model in this narrower sample following the same procedure outlined in aim 1. We evaluated the goodness of fit using Homer-Lemeshow chi-square test [20] and model discrimination by measuring the c-statistic, which is equivalent to the area-under-the-receiver operating characteristic (ROC) curve [21] . The C statistic indicates the probability that a randomly selected subject in the top 10 % utilization group will have a higher risk score than a randomly selected non-high utilizer.
A value of 0.5 indicates that the model is no better than chance at making a prediction of membership in a group and a value of 1.0 indicates that the model perfectly identifies those within a group and those not. Models are typically considered reasonable when the C-statistic is higher than 0.7.
Results
The mean paid claims amount per individual across the entire study sample for 2009 was $4,137. The high cost group (having 2009 Safeway health plan expenditures within the top 10 % of the study population) were more than twice as costly with a mean paid claims amount of $8,683. While they comprised only 10 % of the membership, they accounted for approximately 57 % of Safeway's health plan's total expenditures for 2009. Safeway's health plan members with HRQ data were comparable to those without HRQ data that were excluded from the study sample with respect to gender and age. However, the group with HRQ data (our study population) was more likely to work in an office setting (35 % vs. 13 %) rather than in a Safeway retail store. In our study population, about half (51 %) of high cost members in 2009 were not high cost the prior year, 2008. The characteristics of the study sample are provided in Table 1 .
High cost members had higher proportions of specific self-reported health conditions both during the study period and in the past, including back pain, chronic pain, depression, diabetes, heart problems, high cholesterol, high blood pressure. They also reported higher job satisfaction compared with the rest of the study population. Based on the bivariate analyses, the factors associated with being high cost (vs. low cost; all p < 0.001) were 
Added value of self-report data
In the final adjusted model (shown in 
Predictability of the model for new high cost members
We augmented the final adjusted model to include interactions of each of its predictors with the prior high cost membership status, and this resulted in a statistically superior fit (p < 0.001). This suggested the potential value of a stratified analysis that examined individuals who had prior high healthcare costs separately from those who did not.
We therefore compared the predictive model that included the entire study population, including previously high cost members, to a narrower model that excluded them (thus identifying only members who were newly high cost in 2009). The predictive models that excluded previous high cost members were similar to the models that included all members but had a few notable differences. The risk factors associated with being a high utilizer in the final adjusted model for new high cost members were: 1) being female (adjusted OR: Table 2 ). The c-statistic for this final model was 0.65. In summary, variables included in the narrower model were similar to those in the model of the larger population, and had the same or slightly attenuated odds ratios (e.g. gender, BMI, depression, diabetes). However, some variables were more strongly attenuated (e.g. age, ED visit), and one significant difference was found with the hospitalization variable compared to the model with full sample.
Discussion
This is one of the first studies to examine the relative value of self-report status data in developing a predictive model for high cost using commercially insured members. In our current study, we developed a predictive model based on commercially insured patients using self-reported health status data, demographic information, and prior utilization data. We found that in addition to demographic characteristics and health services use available in billing data, the additional data collected by Safeway's health plan related to members' self-report of the presence of specific health conditions were of key significance for the final predictive model. Prior research indicates that patients with more than one chronic illness account for 95 % of all Medicare spending [22] and about 30 % of high-cost Medicare beneficiaries had 4 or more co-occurring chronic illnesses [14] . Despite the differences in the population, consistent with previous studies on predicting future high expenditures, chronic conditions were significantly associated with future high costs [19] . How to best accurately capture the presence of chronic conditions, however, can be complex and challenging. Certain conditions may not be coded as part of a health care encounter if they are not a primary reason for the visit. In addition, prior work shows that conditions including those we found to be key predictors of future high costs based on self-report, can be under-coded in administrative datasets [23] . Consistent with the current study Perrin et. al, also found that self-reported health status data from Medicare patients provided additional predictive power for predicting inpatient admissions and costs [8] . Previous studies have indicated that self-reported health status provides important data that can aid in prediction of future costs. Some have provided evidence that a single item assessing general self-rated health (GRSH) has robust predictive power regarding future expenditures for selected samples [24, 25] . Yet to date, little research has examined the use of member reported health and biometric data in commercially insured populations to predict future costs. In a study with nationally representative data from the Medical Expenditure Panel Survey, DeSalvo et. al, [24] was able to obtain a c-statistic of 0.85 for predicting the upper 10 % of total expenditures with a model including diagnostic cost group (DCG) system. DCG models use patient demographic information such as age, sex, and medical diagnoses obtained from insurance claims databases to determine risk scores. One reason for the lower c-statistic in our study may have been the lack of diagnoses data in the model. Adding an in-depth examination of cost-drivers using procedure logs, diagnostic codes, and frequency of hospitalizations could improve the prediction model and provide an effective intervention protocols to target specific patient characteristics. But it is also likely that these procedures overlap substantially with previous health care utilization/costs. Our study shows that moderate predictive power can be achieved by including 9 factors recorded using a combination of self-reported, biometric, and past health services utilization data. This simpler algorithm provides an alternative to other cost predictive models.
The cost of collecting self-reported health data must be weighed against the cost of using administrative or biometric data for risk prediction: in some cases, the ease of obtaining readily-available administrative data may weigh against collecting additional self-reported data from health plan members. However, the utility of self-reported data reaches beyond predictive power alone, and can help provide information that will facilitate intervention development and adoption at the individual patient level. There are likely multiple uses of self-reported health data beyond predictive modeling, which can help payers better understand the population they are covering. Accurate prediction of high utilization is desirable because failure to allocate resources properly can generate biased treatment effects and can lead to over-or under-payment for certain types of patients. The logistical challenges of collecting self-reported data may be unfeasible in practice, however, some have argued that the collection costs has been overstated and application a recently developed limited-sample benchmark method can help to ease the burden on the resources required for accurate prediction.
Prior health services utilization pattern such as ED visits and hospital admissions were also predictive of high cost in the subsequent year, consistent with past research focused on Medicaid beneficiaries. [3, 7] Given that predictive models based on claims data are often driven by past high cost members with specific condition and utilization patterns (i.e. ED visits and hospitalization), the analysis excluding previous high cost members provides additional information on the key predictors. In the narrower predictive model, having one or more ED visits in the prior year was a significant risk factor for being high cost in the future. The lack of significance of hospitalization in the narrower model could be attributed to the exclusion of the past high utilizers which can be also considered proxy for high cost hospitalization. For example, 68 % of those in the high utilization group in 2008 were hospitalized. Additionally, the significance and the predicted value of the self-report health status data in predicting new high cost members provide a strong rationale for collecting self-report data to optimize patient-centered outcomes and can allow payers to target new potential high cost members that are often missed using only the prior utilization data. These results clearly have programmatic implications for identifying high-risk patients for appropriate case or enhanced management programs. From a clinical perspective, reducing revisits to ED by tracking frequent ED patients, contacting the primary care provider while the patient is in the ED and focusing on better communication, proactive transitions and collaboration between ED and primary care providers can all help to reduce over utilization of services in the future.
In our study, the comparison of the models between the full sample and the sample without the previous high cost members indicated significant differences in the predictors. This has important implications for models using only the health service use (administrative data) given that the past high cost is significantly correlated with future high cost and often drive the predictive models.
Our study has limitations. While we used a national cross-section of Safeway Health members, because our model is based on data from a single commercial plan, the findings may not be generalizable across other employer plans with different patient populations. However, our results are in keeping with previous research in this area. Our study sample was limited to Safeway's health plan enrolled employees with HRQ data. However, the comparability of the study sample with the non-study sample provide minimize potential bias in our study. Given that we used self-reported data, the potential for errors in omission and response bias exist. Previous studies in the UK have indicated potential for response bias using self-reported data due to significant false negative reporting on chronic condition such as hypertension and lack of sensitivity to multiple measures of health due to over reliance on a single indicator related to the level of vitality (energy) [26, 27] . However, previous studies have also shown that using self-report comorbidity indices, although different from HRQ, performed similarly to predictive models using administrative medical records data providing additional case for reliability of the data [28, 29] .
Conclusion
Despite these limitations, our study has clear implications for enhanced management and health care delivery outcomes. Given the predictive power of the self-reported health status, patient demographics, and past health services utilization patterns, the relative low cost of administration and applicability of the method across variety of care delivery settings may provide an alternative to more complicated DCG models. Whenever possible, commercial plans should attempt to include these data in research and reporting efforts as they will be important for identifying high-risk, high cost patients and developing interventions to improve care. This model may be a viable alternative for systems where other data are not available or too costly to collect.
